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A multiplex PCR toxigenic culture approach was designed for simultaneous identification and toxigenic type
characterization of Clostridium difficile isolates. Three pairs of primers were designed for the amplification of
(i) a species-specific internal fragment of the tpi (triose phosphate isomerase) gene, (ii) an internal fragment
of the tcdB (toxin B) gene, and (iii) an internal fragment of the tcdA (toxin A) gene allowing distinction between
toxin A-positive, toxin B-positive (A�B�) strains and toxin A-negative, toxin B-positive (A�B�) variant
strains. The reliability of the multiplex PCR was established by using a panel of 72 C. difficile strains including
A�B�, A�B�, and A�B� toxigenic types and 11 other Clostridium species type strains. The multiplex PCR
assay was then included in a toxigenic culture approach for the detection, identification, and toxigenic type
characterization of C. difficile in 1,343 consecutive human and animal stool samples. Overall, 111 (15.4%) of 721
human samples were positive for C. difficile; 67 (60.4%) of these samples contained A�B� toxigenic isolates,
and none of them contained A�B� variant strains. Fifty (8%) of 622 animal samples contained C. difficile
strains, which were toxigenic in 27 (54%) cases, including 1 A�B� variant isolate. Eighty of the 721 human
stool samples (37 positive and 43 negative for C. difficile culture) were comparatively tested by Premier Toxins
A&B (Meridian Bioscience) and Triage C. difficile Panel (Biosite) immunoassays, the results of which were
found concordant with toxigenic culture for 82.5 and 92.5% of the samples, respectively. The multiplex PCR
toxigenic culture scheme described here allows combined diagnosis and toxigenic type characterization for
human and animal C. difficile intestinal infections.

Clostridium difficile was recognized as a potential enteric
pathogen in the late 1970s (5, 6). Toxigenic strains of C. difficile
are responsible for 10 to 25% of antibiotic-associated diarrhea
and for virtually all cases of pseudomembranous colitis (8, 23).
Most pathogenic strains are toxin A-positive, toxin B-positive
(A�B�) strains, although toxin A-negative, toxin B-positive
(A�B�) variant isolates have been recognized as pathogenic
(2, 21, 27).

Results of several studies support the opinion that both
direct detection of toxins in stool samples and isolation of
toxigenic strains (“toxigenic culture”) contribute to the optimal
diagnosis of C. difficile-associated disease (12, 22). Although
detection of toxin B by cell culture cytotoxicity assay (CA) is
considered the “gold standard,” it is not routinely performed
by clinical microbiology laboratories because it requires the
use of cell culture and a reliable antitoxin for neutralization.
Toxin enzyme immunoassays (EIAs) or toxigenic culture are
thus used as alternative methods. Toxigenic culture has been
shown to be as sensitive as CA and sometimes allows the
detection of toxigenic isolates in CA-negative stool specimens
(3, 12), even for patients with clinical evidence of C. difficile-
associated disease (16). In addition, stool culture provides iso-

lates suitable for toxigenic typing and for molecular epidemi-
ological analysis of nosocomial outbreaks. Toxigenic typing
allows the differentiation of A�B� variants (in which the 3�
end of the toxin A gene is deleted) from A�B� strains. Of
note, these A�B� variant strains are not detected by toxin A
EIAs largely used by microbiology laboratories (4, 15), and
their retrospectively estimated prevalence varies widely de-
pending upon the study (4, 9, 18, 24, 28).

The purpose of this study was to design a toxigenic culture
approach using multiplex PCR for simultaneous identification
and toxigenic type characterization of C. difficile isolates. This
approach is based on specific culture of spore-forming bacteria
followed by multiplex PCR targeting a species-specific internal
fragment of the triose phosphate isomerase (tpi) housekeeping
gene (13), an internal fragment of the toxin B (tcdB) gene, and
the 3� region, deleted or not, of the toxin A (tcdA) gene.

MATERIALS AND METHODS

Multiplex PCR for C. difficile identification and toxigenic type characteriza-
tion. A collection of 72 C. difficile isolates from a previous study (20) and the type
strains of 12 different species (Clostridium perfringens ATCC 13124T, C. ramosum
ATCC 25582T, C. innocuum ATCC 14501T, C. difficile ATCC 9689T, C. bu-
tyricum ATCC 19398T, C. sporogenes ATCC 3584T, C. clostridioforme ATCC
25537T, C. bifermentans ATCC 638T, C. sordellii ATCC 9714T, C. septicum ATCC
12464T, C. cadaveris ATCC 25783T, and C. tertium ATCC 14573T) were first used
to test the ability of the multiplex PCR (i) to differentiate C. difficile from other
Clostridium species and (ii) to distinguish the three main toxigenic types (A�B�,
A�B�, and A�B�) of C. difficile. To prepare a DNA sample for PCR ampli-
fication, a bacterial colony was taken from blood agar culture and resuspended
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in 1 ml of distilled water in a microcentrifuge tube. The sample was then boiled
for 20 min prior to being centrifuged for 2 min to settle bacterial debris, and 10
�l of supernatant, containing the genomic DNA, was used for subsequent PCR
amplification.

Three pairs of primers were designed. The tpi-specific primers (tpi-F [5�-AA
AGAAGCTACTAAGGGTACAAA-3�] and tpi-R [5�-CATAATATTGGGTCT
ATTCCTAC-3�]) were deduced from alignments of internal fragments of the tpi
gene. This housekeeping gene was used in a previous work to differentiate 12
Clostridium species including C. difficile (13); here it generated a 230-bp ampli-
fied fragment specific for C. difficile. The tcdB-specific primers (tcdB-F [5�-GG
AAAAGAGAATGGTTTTATTAA-3�] and tcdB-R [5�-ATCTTTAGTTATAA
CTTTGACATCTTT-3�]) were designed from the conserved 5� region of tcdB
and generated a 160-bp fragment. The tcdA-specific primers (tcdA-F [5�-AGAT
TCCTATATTTACATGACAATAT-3�] and tcdA-R [5�-GTATCAGGCATAA
AGTAATATACTTT-3�]) were designed to flank the smallest of the three de-
letions in the 3� region of tcdA characterized in A�B� variant strains (27) (Fig.
1) and generated a 369-bp fragment for A�B� strains and a 110-bp fragment for
A�B� strains. The tcdA primers target regions which are not identically re-
peated elsewhere along the tcdA gene.

PCRs were performed on a GeneAmp System 2400 thermal cycler (Applied
Biosystems) in a final volume of 25 �l containing 10% (vol/vol) glycerol, 1 �M
each primer (except for tpi-F and tpi-R [0.5 �M]), 200 �M each deoxynucleoside
triphosphate, and 0.5 U of Taq DNA polymerase in a 1� amplification buffer (10
mM Tris-HCl [pH 8.3], 50 mM KCl, 2.5 mM MgCl2). The PCR mixtures were
denatured (3 min at 95°C), and then a touchdown procedure was implemented,
consisting of 30 s at 95°C, annealing for 30 s at temperatures decreasing from 65
to 55°C during the first 11 cycles (with 1°C decremental steps in cycles 1 to 11),
and a final extension step at 72°C for 30 s. A total of 40 cycles were performed.
PCR products were resolved by electrophoresis on a 2% agarose gel stained with
ethidium bromide.

Development of multiplex PCR toxigenic culture for human and animal clin-
ical samples. A total of 721 human stool samples (from 502 patients) and 622
animal stool samples (from 559 animals) sent to our laboratory between July
2002 and June 2003 for investigation of C. difficile infection were submitted to
multiplex PCR toxigenic culture. A portion of each stool sample was mixed with
an equal volume of ethanol (ethanol shock) for 1 h at room temperature. One
hundred microliters of stool suspension was then inoculated onto Trypticase soy
agar supplemented with 5% sheep blood, lysozyme (10 mg/liter), and cefoxitin
(10 mg/liter). Plates were incubated in an anaerobic chamber for 48 h at 37°C.

Bacterial DNA was extracted from colonies suspected of being C. difficile (on the
basis of morphology, odor, and fluorescence under 365-nm UV illumination),
and PCRs were performed as described above.

Eighty of the 721 human stool samples (corresponding to the first 37 patients
positive for C. difficile culture and the first 43 patients negative for C. difficile
culture) were also tested by two immunoassays: the Premier Toxins A&B test
(Meridian Bioscience), which detects both toxin A and toxin B, and the Triage
C. difficile Panel (Biosite), which detects both C. difficile toxin A and the
C. difficile Gdh (glutamate dehydrogenase) antigen. These assays were per-
formed and interpreted according to the manufacturer’s recommendations.

RESULTS

The first step of this work was to test the ability of the
multiplex PCR (i) to distinguish C. difficile from other Clos-
tridium species and (ii) to distinguish between the three main
toxigenic types (A�B�, A�B�, and A�B�) of C. difficile.
The species-specific internal fragment of the tpi gene was de-
tected from all of the 72 C. difficile isolates used in this work,
despite their various host and geographic origins. On the other
hand, no amplification signal was detected from the type
strains of 11 other Clostridium species, thus confirming the
specificity of this PCR assay (data not shown). The toxigenic
types of all of the 72 C. difficile isolates determined by the
multiplex PCR were concordant with the results of previous
PCRs targeting each of the two toxin genes separately (20): the
52 A�B� isolates showed tpi, 379-bp tcdA, and tcdB amplifi-
cation signals; the 12 nontoxigenic (A�B�) isolates showed
only the tpi signal; and all of the 8 A�B� variants showed tpi,
deleted tcdA (110 bp), and tcdB amplicons. An example of the
three different toxigenic types revealed by this PCR assay is
given in Fig. 2. None of the 11 other Clostridium species tested
generated an amplification signal for tcdA or tcdB, including C.
sordellii, which carries a closely related lethal toxin gene (10)
(data not shown).

The second step of this work was to include the multiplex
PCR in a toxigenic culture approach for detection, identifica-
tion, and toxigenic type characterization of C. difficile in human
and animal stool samples. The results for the 721 human feces
samples and the 622 animal samples analyzed are summarized

FIG. 1. Positions of tcdA primers allowing differentiation between
A�B� and A�B� isolates. (A) Partial map of the pathogenicity locus
with tcdA and tcdB genes and their adjacent accessory genes tcdD,
tcdE, and tcdC. Black regions represent the 3� repetitive sequences
characteristic of C. difficile tcdA and tcdB genes. Hatched region rep-
resents the 1.8-kb deletion characteristic of most A�B� variant strains.
(B) Details of the 1.8-kb deletion, resulting in combination of three
small deletions (hatched regions). The tcdA primers flank the smallest
deletion (in the 3� end of the gene) and generate a 369-bp amplified
fragment from A�B� strains but a 110-bp amplified fragment from
A�B� variant strains.

FIG. 2. Characterization of the three main C. difficile toxigenic
types by multiplex PCR. First lane, C. bifermentans ATCC 638T; sec-
ond lane, C. sordellii ATCC 9714T; third lane, nontoxigenic (A�B�)
C. difficile strain; fourth and fifth lanes, toxigenic (A�B�) C. difficile
strains; sixth lane, A�B� C. difficile variant strain.
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in Table 1. Of the 721 human feces samples tested, 111 (15.4%)
were positive for the presence of C. difficile (amplification of
tpi), 67 (60.4%) contained A�B� toxigenic isolates, and none
corresponded to A�B� variant isolates. Of the 622 animal
samples tested, 50 (8%) contained C. difficile strains; 27 (54%)
of these were toxigenic isolates, among which 1 A�B� variant
isolate was detected (from a horse).

Eighty of the 721 human stool samples (37 positive and 43
negative for C. difficile culture) were also tested by two immu-
noassays: the Premier Toxins A&B test (Meridian Bioscience),
which detects both toxin A and toxin B, and the Triage C. dif-
ficile Panel (Biosite), which detects both C. difficile toxin A and
C. difficile Gdh antigen. The results are summarized in Table 2.
Good agreement between multiplex PCR toxigenic culture and
the Premier Toxins A&B test was obtained for 66 of the 80
samples (82.5%). Of note, among the 14 discordant cases, 10
samples were positive by the Premier Toxins A&B test and
negative by toxigenic culture and the Triage test and were
finally considered negative for C. difficile. On the other hand,
good agreement between the Triage C. difficile Panel and tox-
igenic culture was obtained for 74 (92.5%) of the 80 samples.
Of note, 6 samples containing strains that were toxigenic ac-
cording to multiplex PCR toxigenic culture were detected only
by the common antigen (Gdh) on the Triage C. difficile Panel
(false toxin A-negative results).

DISCUSSION

The aim of this work was to design an optimized toxigenic
culture scheme for detection and combined identification and
toxigenic type characterization of C. difficile from stool sam-
ples. Indeed, as long as toxinogenic C. difficile strains are rec-
ognized as the primary cause of nosocomial gastrointestinal
disease, a good management approach includes optimal diag-
nostic methods, which so far include EIAs, CA, or toxigenic
culture.

The presence of C. difficile in stool cultures is easily sus-
pected on the basis of phenotypic characteristics (such as col-
ony morphology, odor, and fluorescence under UV light).
However, for accurate identification, additional tests, such as
biochemical test panels or even gas-liquid chromatographic
analysis (17), are needed. In the present work, we propose to
identify C. difficile by PCR amplification of an internal frag-
ment of the tpi housekeeping gene, which was found more
discriminatory than 16S ribosomal DNA for the identification
of 12 species within the genus Clostridium (13). This tpi frag-
ment was successfully amplified from all the 72 C. difficile
strains previously selected from various hosts and geographic
sources and was not amplified from the other 11 species tested,
including C. sordellii and C. bifermentans, which are phyloge-
netically closely related to C. difficile (11). Furthermore, the

combined detection of tpi, tcdA, and tcdB fragment genes by
multiplex PCR provides a one-step method for identification
and toxigenic type characterization of C. difficile. Of note,
A�B� variant strains are sometimes reported only on the
basis of lack of tcdA amplification, or even on the basis of lack
of toxin A detection by EIA (1, 28). This approach may be
unreliable, because PCR inhibitors or any variations in the
tcdA sequence (other than those characterizing these A�B�
variants) can result in lack of tcdA fragment amplification or
lack of toxin A detection by EIA. The primers designed in this
work allow the detection of a partially deleted tcdA fragment in
A�B� variant strains and thus avoid false toxigenic type char-
acterization.

At present, many C. difficile variant strains are characterized
on the basis of their tcdA and tcdB toxin genes in comparison
to the reference strain VPI 10463 (26), but A�B� variant
strains (especially those belonging to toxinotype VIII and se-
rogroup F) are of particular clinical significance (2, 21, 27).
Epidemiological studies have reported various prevalence
rates: 0.2% in the United States (24), 2.5 to 3% in European
countries (4, 9), and 6.7 to 39% in Japan (18, 19). Higher rates,
such as 56.5% reported in an Israeli hospital (28), suggest local
epidemic events. However, almost all these results were ob-
tained from retrospective studies, while at the time of diagno-
sis, A�B� variants were only suspected or even not detected.
The present multiplex PCR allows the characterization of tox-
igenic types at the time of diagnosis and is thus more efficient
for diagnosis of intestinal infections involving A�B� variants.
The detection of nontoxigenic isolates by tpi amplification
could also contribute to a better knowledge of the global epi-
demiology of this species.

The C. difficile detection rate for human samples in the
present work was comparable to that of previous studies (22,
29). However, few data are available about C. difficile detection

TABLE 1. Multiplex PCR toxigenic culture results for 721 human and 622 animal samples

Sample origin
No. (%) of positive cultures with: No. (%) of negative

cultures Total
A�B � toxigenic strains Nontoxigenic strains A�B� variant strains

Human 67 (9.3) 44 (6.1) 0 (0) 610 (84.6) 721
Animal 26 (4.2) 23 (3.7) 1 (0.2) 572 (91.9) 622

TABLE 2. Comparison of multiplex PCR toxigenic culture, the
Premier Toxins A&B test, and the Triage C. difficile Panel on the

basis of analysis of 80 human samples for C. difficile diagnosis

No. (%) of
samples

Result by:

Multiplex
PCR toxigenic

culture
Premier Toxins

A&B test

Triage
C. difficile

Panel

tpi tcdA tcdB Gdh ToxA

33 (41.2) � � � � � �
14 (17.5) � � � � � �
7 (21.3) � � � � � �
2 (2.5) � � � � � �
4 (5.0) � � � � � �

10 (12.5) � � � � � �
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rates for animal samples. In the present study, 8% of animal
samples (corresponding to 23 of 245 horses, 20 of 272 cattle, 5
of 22 dogs, and 2 of 10 cats) were positive for C. difficile
culture, but only 4.3% were positive for toxinogenic strains (13
horses, 11 cattle, 2 dogs, and 1 cat). It was suggested that 21
and 30% of domestic pets (dogs and cats, respectively) could
be infected or colonized by C. difficile (25). Other authors
reported that 6 to 42% of horses that developed acute colitis or
diarrhea were positive for C. difficile culture and that horses
that developed acute colitis during or immediately after anti-
microbial treatment had the highest recovery rates (7, 14). In
fact, our results agree with the data mentioned above, since
only a few horses had a history of antibiotic treatment associ-
ated with diarrhea or colitis.

Although CA and many EIAs are available for the diagnosis
of C. difficile-associated disease, culture of C. difficile remains
essential (12). The epidemiology of an outbreak can be mon-
itored only by bacterial culture, and macroepidemiology or
antimicrobial susceptibility studies also require strain isolation.
The multiplex PCR-toxigenic culture scheme described here
provides both strain isolation and toxigenic type characteriza-
tion. It may also be compared to the Triage C. difficile Panel,
since both methods target a species-specific marker (the tpi
gene in multiplex PCR, the Gdh antigen in Triage) and toxins
of C. difficile (tcdA and tcdB genes in multiplex PCR, toxin A
in Triage). Indeed, since Triage detects only toxin A, it cannot
characterize A�B� variants, which appear as nontoxigenic
strains (requiring complementary tests in the case of Gdh-
positive and toxin A-negative results to avoid a mistaken diag-
nosis). Rapid diagnosis of C. difficile-associated disease is need-
ed in order to initiate specific treatment and to take adequate
measures to control nosocomial spread, but monitoring patho-
genic variant strains is also essential in order to better evaluate
the relevance of the diagnostic tests in each hospital labora-
tory. The present multiplex PCR-toxigenic culture scheme may
be proposed as a reliable diagnostic method, since it provides
detection and toxigenic type results within 36 to 48 h. An EIA
such as the Triage C. difficile Panel provides results within 1 h
and is thus well suited for urgent situations, as when there is a
suspicion of pseudomembranous colitis. Finally, since CA is
not routinely performed in most clinical microbiology labora-
tories, EIAs are largely used for the diagnosis of C. difficile-
associated disease. Since toxigenic culture is also an alternative
diagnostic method (which also provides isolates suitable for
epidemiological analysis) (12), the multiplex PCR-toxigenic
culture scheme may be proposed as an improved diagnostic
approach for human and animal C. difficile intestinal infec-
tions, offering combined species identification and toxigenic
type characterization.
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